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B pamrax DFT-pacueToB npoBeseHO MomelnpoBaHue 3I€KTPOHHOl, FeOMeTPUYeCcKoi U MarHUTHO CTpPyK-
TYpbl HaHOIIEHOK [-¢aspl nucmannuna eine3a FeSiz ¢ moBepxsoctamu (001), (100) u (010). O6Hapy:eHa
CyliecTBeHHaA peKoHCTpyKuuaA noBepxHoctu (001), 3sakaHuMBaromelcA aToMaMi KPEMHHUA, CONPOBOKAAOA-
fICA NOBBINIEHNEM CHUMMETDHUH [I0OBEPXHOCTH U BO3HMKHOBEHHEM “KBanpaToB” U3 aToMoB KpeMHHA. Pa ocHoBe
aHalIu3a IIOTHOCTH 31eKTPoHHBIX cocToauuil (DOS), a Taksmke cnuHoBoit DOS, cipoekTUpPOBaHHO 10 BRIafaM
cioeB aromoB (LSDOS), BbruncieHo, 4To Bce ILIACTHUHBI 061aJal0T MeTallndeCKUMHU CBoiicTBamu. Ppu sTtom
OCHOBHOI BKiaJ B61u3u ypoBHA @epMU BHOCAT NMOBEPXHOCTHBIE CIIOU jKelle3a, IPUYUeM OH ObICTPO yObIBaeT Npu
IPOABUKEHUA B IIy0b MIacTUHBI. VI3 aHanu3a BBIYUCIEHHBIX 30 (GeKTUBHBIX MarHUTHBIX MOMEHTOB aTOMOB 00-
Hapy:KeHo, UTO IIOBEPXHOCTHbBIE CIOU B IIaCTUHAX 06/1aJaloT CyIeCTBeHHBIM MarHUTHBIM MOMEHTOM, 0COGEHHO
ciou xene3a Ha nosepxHoctu (001) (1.89up/aTom), mpuyeM MOMEHTBI aTOMOB GBICTPO CIAfalOT [0 Mepe yia-
IIeHUA UX OT moBepxHocTU. HccienoBaHbl 51eKTPOHHAA U reoMeTpuueckan obractu unTepdeiica (001)Si/FeSis.
Pa ocnoBe anamnsa LSDOS noxasaHo, uTo B JaHHOl 061acTH TaK:Ke peall3yeTcA IOBEPXHOCTHOE IPOBOJAILIEe
COCTOfIHUE, ONpeenfAeMoe B OCHOBHOM BKIAJ0M OT CJIOEB IIPUIIOBEPXHOCTHOro cununuga. PpogeMoHcTpupoBaHa
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BO3MOKHOCTb 00pa30BaHUA COBEPIIEHHOH 1 pe3Koit obmactu nepexona Si/FeSis.

B HacToAmee BpeMsa ucciefoBaHUE I'eTEPOCTPYKTYP
(eppoMarHuTHBI MeTamn/HeMarHMTHBIA MeTall WK
MONYNpPOBOOHUK HpuobpeTaeT Bce Goibllee 3HAYEHUE
6narogapsa MOTEHIWATLHO MIKMPOKUM HPaKTUYEeCKUM 00-
TacTAM HUCHONb30BaHUA TaKUX HAHOCTPYKTYp, Hampu-
Mep 3a cueT 3 (PeKTa rUraHTCKOr0 MarHUTOCON POTUBIIE-
HUfA, 3a OTKPbITHE KoToporo B 2007 r. Oblia npucysaeHa
Bobenescraa npemus no ¢usure. MHorocioitsle Ha-
HOCTPYKTYPBI ¢ UuepefoBaHueM GeppOMarHUTHBIX U He-
MarsHuTHBIX ClI0eB 00/1alal0T MHTEPEeCHbIMU CBOHCTBaMU
CHMHOBOI'0 3JIEKTPOHHOI'0 TPAHCIOPTa, KOrJa OH MOKeT
yIpaBIATLCA U3MeHEeHHeM BHewHuX ycnosuit [1, 2]. B
cllydae KCIONL30BaHUA KPEMHUA KaK MONYNPOBOJHUKA
BBICOKAafA CIMHOBasA MONAPU3aLUA U HU3KOe yAelIbHOe CO-
IPOTHUBJIEHNE NeNaloT TaKkhe CUCTEMBI OTHUM U3 Haubo-
Jlee TIEPCIEKTUBHBIX MaTepUalloB NJf CIMHTPOHUKHU [2—
4]. B nocrepHee Bpemsa Gonbliag aKTUBHOCTb HalIio-
JaeTc U B KCCIeJOBaHUU ONTHUYECKUX CBOMCTB MOIY-
IPOBOJHUKOBBIX CTPYKTYP, COAEpKAIIUX HAHOKPUCTAI-
AUTHI AUCHAMOUIOB ene3a [5—-8]. Bro cBazaHo ¢ Tewm,
YTO HAHOCTPYKTYPhI CUIUINIOB EPEXOJHBIX METAII0B
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MOI'yT KCIIOJIb30BaTbCA B KayecTBe 3MUTTEPOB CBeTa U
ONTHUYECKUX AeTeKTOpOB (cM. Bhimyck [30], uennkom mo-
CBAIIIEHHBII CBOMCTBaM cunuuugoB). Bampumep, nucu-
aunup #enesa c ¢asoi S-FeSiz B orauuume ot 06beMHO-
ro KpeMHHUA 06JagaeT MPAMO3OHHOMN IMIENbIO C MIMPUHOM
E, = 0.85—0.875B [10, 11]. BosToMy OH HMeeT Xo-
polive JIOMMHECIEHTHBIE CBOMCTBA B AMana3oHe O~
sero uHpparpacuoro cunekrpa (0.80-0.843B), BasHoro
Il UCIONb30BaHWA B TEXHUKE BOJOKOHHO-OMTUYECKUX
auuuit cBasu [12, 13]. Marauraeiit cunngug FesSi B co-
craBe ci10eBoit HaHOCTPYKTYPsI SiO2/FegSi/Si 6b1n ake-
NeprMeHTAalbHO UCIONb30BaH B KAYeCTBE MarHUTOONTH-
YeCKOro MOAYJIATOPa. Bpu 3TOM BamHBIM MPEUMYIIECT-
BOM HCIOJIb30BAHUA PA3IUYHBIX CHIMIUIOB IEPEXOTHbIX
MeTaJJIOB ABIAETCA MUPOKAA PacnpocTPaHEeHHOCThb JaH-
HBIX DIEMEHTOB B mpupore. Bce 3TM (paKkThI TOBOPAT
0 Ge3yCOBHOI aKTyalbHOCTH MPOGIEMbI MCCIEH0BAHUA
(opMHpOBaHKA HAHOCJIOEB CHUINUIMIOB, @ TaKie MHTep-
(belicHBIX CJI0EB Ha rpaHuUlle KPEMHUSA U NEPEXOJHOTO Me-
Taina. DBHcnepuMeHTanbHO U3MEHEHHWE 3JIeKTPOHHBIX,
MarHMTHBIX ¥ ONTHYECKUX CBOMCTB TaKUX CTPYKTYp
IpU mepexoie 0T KPUCTAIMYECKOr0 KPEMHUA K CTPYK-
Type CUIUIKIa NIPAaKTUUYEeCKH He ObLIO MCCIeI0BaHO BBU-
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IOy HaHOpPa3MepHOCTH TaKux cucteM. Bpu HemocraTke
vH(bopManum o CTPyKType MHTep(delicHOil obnacTu ObI-
J¥ IIPEJJI0KeHbl pa3IuYHble BADUAHThI CTPOSHUA UHTEP-
deiica Fe/Si: Fe/Si [14], FeSi, [15, 16], FesSi [17, 18].
B [19, 20] B3auMoCBA3b XUMHUYECKOTO CTPOEHHUA M Mar-
HUTHBIX CBONCTB uHTepdeiica Gblna MccilefoBaHa METO-
oM (oToaneKTPOHHOI ciekTpockonuu. OKasanock, 4TO
IpU KOMHATHON TeMIepaType NMepBbIi Iar B o6pa3oBa-
HUU CHUJHINAA CBA3aH C IPOHMKHOBeHNeM aToMmoB Fe B
pemeTKy Si ¢ 3amoMHEHHWEM MO3ULUN y3I0B 3aMelleHus
[21]. B skcnepumeHTanbHoi pabote [9] aBTOpBI, Hccie-
Ioysa uHTepdeiic Memay ToHKo# mueHkoi [-FeSiy u nox-
nomkoit kKpemuus (111) ¢ nomomsio TEM-Mukpockonun
Y NPEeNU3UOHHBIX M3MEPeHUil HamarHW4YeHHOCTH, oOHa-
PYKUIM BOZHUKHOBEHUE MarHUTHOIO ClIofl 060ramieHHo-
ro ;Kelle30M CHUIULINJA.

TakuMm o0pa3oM, BBUIY HeJOCTATKA 3KCIEPUMEH-
TanbHOW WH(pOpPMALUUU KCIOIb30BAHUE TEOPETUYECKUX
IEePBONPUHONIHBIX PacyeTOB M[O3BOJIUT Jydlle Io-
HATh MeXaHU3Mbl (HOPMHPOBAaHUA M CBOMCTBa CJIOEB
CHININAOB, a TaKe HHTepdelicHbIX obnacTeil KpeMm-
Huit/cuaunuy. Jannaa pabora mocBAlleHa TEOpeTHYEC-
KOMY KCCJIEJOBaHUIO 3IEKTPOHHONH U reoMeTpHUYecKOi
CTPYKTyphl TOHKMX (c TommuHoi ~15A) mnieHok
cunununa menesa c dasoit [-FeSip, a Takme obnactu
nx uHrepdeiica ¢ nosepxuoctoio Kpemuusa (001). Bro
ucclieJoBaHWE MO3BONAET Jyullle MOHAThH MEXaHU3M
PEKOHCTPYKIMK CBOOOJHOU IOBEPXHOCTH KpUCTALIA
(-FeSi, u onpepenuTs n3MeHeHNEe NOBEPXHOCTHON DIEK-
TPOHHOI U MarHUTHOI cTPYKTyphl. BpuBogaTca Taxmxe
SKCIepUMeHTalbHble JaHHbIE O IMONYyYEeHUU HaHOYaCTHUI]
OUCHININJA jKejle3a B MaTpULle KPeMHUA U JaHHbIE
BBICOKOpa3peluIalieil 31eKTPOHHON MUKPOCKOINY, MOJ-
TBepsKJAIONIME BO3MOMKHOCTh 3MUTAKCUANBLHOTO pOCTa
OUCHININJA HA IOBEPXHOCTH KPEMHHUA.

1A nepBONPUHIUIHOIO TEOPETHUYECKOro HCCIeNo-
BaHUA HM3Yy4YaeMbIX CTPYKTYP ObL1 HCIONb30BaH METO[
IceBIOMOTEHIMana ¢ 6a3ucoM M3 MIOCKUX BOIH B paM-
Kax ¢opmanusma pyukguonana mrotHoctu DFT [22, 23]
u rpagueHTHoro pasnoxenus (GGA), npexnnoskeHHO-
ro Perdew, Wang (PW91) B [24]. Beruucnenusa 6bl-
¥ MPOBEJEHBI C MCIONb30BAHUEM JHUIIEH3UMOHHOTO Ma-
kera VASP 5.2 (Vienna Ab-initio Simulation Package)
[256—-27]. B pauHo#i mporpamme a1f 3bdeKTHBHOrO
YMeHBIIEHNA KONUYecTBa 6a3UCHBIX MIOCKUX BOJH U CO-
OTBETCTBYIOIIEr0 YBEIUYEHUA CKOPOCTH PacyeToB KC-
HONb3YIOTCA CBePXMArKUE IceBAONOTeHnuansl Baunnep-
6unbra [28]. OHM NO3BONAIOT 3HAUUTENIbHO CHU3UTH
MaKCUMAalbHYIO KUHETUYECKYIO DHEPrUIO IIOCKUX BOJH
(Eecutosr)- DBTO ymenbumaer pasmep 6asuca U BecbMa
ycKopAeT mpoBeleHue pacuetroB. [liA Bcex pacueToB
Ecutopr BbIOMpanach paBHO#t 237.53B. Ilnfa uHTerpupo-

Bauua no 1-i sone Bpunniosna (1BZ) BBuny Goubimmx
pa3MepoB cyNepAYeeKk UCIONL30BancAa Habop k-Touer
Ha ceTke (2 X 2 X 1), BbIGpPaHHBIX C MOMOWIBIO CXe-
mbr MonTxopcr—Bara, npennoskentoit B [29]. Bpu on-
TUMHU3alUM TeOMeTPUU HAHOIIACTUHOK MO3UIUU aTo-
MOB ONTHMM3UPOBAINCE [0 TeX HOp, MOKa MOIYJIH CHI,
IOefcTBYIOKNX Ha BCe aTOMbI, HE CTAHOBIWJINCH MEHbIIe
0.053B/A.

B paGote OblTM mpoaHamu3uWpOBaHbI 3IEKTPOHHAA U
reoMeTpuyecKasd CTPYKTYpbl HaHONIEHOK cocTaBa (-
FeSi, ¢ noBepxuoctamu (001), (100) u (010). C mensbio
U3y4yeHUd BIWAHUA NPUPOIBI IIOBEPXHOCTHHIX aTOMOB
KakJaf [JIacTUHa BhIOMpalach OTpaHUYEHHOI aTtoMa-
MU jKelle3a C OJHOM CTOPOHBI M aTOMaMH KPEeMHHA C
npyroii. Bce uccnemyevble HaHOIIEHKM MOJennpOBa-
JUCh C MOMOUILIO BBEJNEHUA MEpPUOJUYECKUX YCIOBUI
IJfl cynepAYefiky B ILNIOCKOCTY IIEHKU M BBeJEHUA Ba-
KyyMHOI'0 IPOMEKYyTKa B MEPIEHJUKYJIAPHOM HampaB-
nenun (slab-geometry). Benuuumua BakyyMHOro MHpo-
MesyTKa cocTapifara 10 A, uTo rapanTuposano orcyT-
CTBHE XMMHUYECKUX B3aUMOAEUCTBUIl MeMIy NEPHOAU-
YeCKUMH IIIacTUHaMU-coceAfAMH. Ba3amepsl cynepsadeer
IIacTMHOK cuiuuupa c¢ nosepxHoctamu (001),(100) u
(010) cocraBusanu 15.6 x 15.7 x 18.3,12.0 x 15.7 x 19.8 u
15.6 x 13.9 x 19.8ACOOTBBTCTBEHHO, YTO COOTBETCTBO-
Bajlo 2 X 2 X 2 6a3uCHbIM BEKTOpaM [JiA 3JeMeHTapHOi
Aveiiku [-FeSi,, BrmtouaBmeit 48 atromoB. [annasa op-
TopoM0Ouueckas AdeliKa Iociie ONTUMU3anuK 0 06 beMy
uMena pasmepsl 9.87 x 7.87 x 7.85 A, uto mo ramzomy
U3MEepEeHHUIO OTKIOHANOCH OT HKCIePUMEHTaIbHOTO 3Ha-
yeHus MeHbuie yeM Ha 1%. KoanuecTBO aTOMHBIX CII0€B
10 TONIIMHE B IIacTUHaX cocTaBusano 16 gusa (001) mien-
ku) u 8 pua nuexor (100) u (010).

B xone mpoBefeHUA ONTUMHU3ALUU BCEX TPEX HAHO-
IIeHOK OblI0 ycTaHOBIeHO, 4yTo mieHKa (001) ucmbpIThI-
BaeT CYLIECTBEHHYIO IIOBEPXHOCTHYIO DPEKOHCTDPYKIHIO
CO CTOPOHBI IOBEPXHOCTH, 3aKaHUYUBAIOIIelicA aToMaMu
KpeMHUA. [laHHafg peKOHCTPYyHUpPOBaHHAd MOBEPXHOCTHb
noxasaHa Ha puc. lb. Ba6nogaeTca Bo3HUKHOBEHHE OCU
4-ro nopfAgKa A CUMMETPUHU TIOBEPXHOCTHU ¢ 0Opa3oBa-
HUeM “KBaApaToB” M3 aTOMOB KpeMHMA. JlaHHYIO pe-
KOHCTPYKIHMIO MOHO 00BACHUTE CTPEMIIEHUEM IOBEpX-
HOCTHBIX aTOMOB KPEMHUA YMEHbIINTh KOTUYECTBO “BU-
caunx” cBaseit (dangling bonds) myTem o6pasoBaHus HO-
BBIX KOBAJEHTHBIX CBA3el Memay co0oil U MogXomAmy-
MU PacCTOAHUAMU MeKAYy aToMaMU KPeMHUA Ha TaHHOH
noBepxHocTH. Ba puc.la anA cpaBHeHUA NMOKa3aHa He-
PEKOHCTPYyHpOBaHHAA [IOBEPXHOCTh.

1A Bcex Opyrux HaHOIIEHOK, a TaKKe AIA JPYroi
noBepxuoctu (001), nokpertoit aromamu Fe, cmemenne
atomoB He mpesbimano 0.1 A. Bostomy cymecTBenHo#
PEKOHCTPYKIIUU He NMPOUCXOAUIO, XOTA MOBEPXHOCTHEIE
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(b)

Puc. 1. PepexoHcTpyupoBanHasn (a) 1 peKOHCTpyHpoBaHHas moBepxHocTh miactunsl (001) (b)

cjou Bcerja cOaumkanuch APYT ¢ OPYroM, YTO YacTUU-
HO Mepepachpeenfiio MeKTPOHHYIO MIOTHOCTh “BUCA-
yux” cBfi3eil HAa yBeIUYeHNe IIIOTHOCTHU MOAMOBEPXHOCT-
HBIX CBAI3ell M TEM CaMbIM yMEHbIIAI0 MOJIHY IO SHEPTUIO
cucteMbl. OTCyTCTBHE PEKOHCTPYKIHMHU B 3TUX CIydYa-
X 00BACHAETCA OTCYTCTBHUEM MOBEPXHOCTHOTO CIIOA U3
aTOMOB KPEMHUA.

ByTteMm BbIUKMCIEHUA IIOTHOCTU 3JIEKTPOHHBIX COCTO-
anuit (DOS) GbL10 ycTaHOBIEHO, YTO BCE TPU HAHOI-
JeHKM 001amaloT MeTaliddyecKMMU cBoiicTBamu. [JnA
aHanu3a CBOWCTB OTHENbHBIX CII0OEB aTOMOB, BbIOpaH-
HBIX MapajieJbHO IIOCKOCTU MOBEPXHOCTHU, Gblia Ipo-
BeJleHa Mpollefypa NPOeKTUPOBaHUA CyMMapHO# CMHO-
Boil miaoTHocTu coctogHuii SDOS Ha BKiIagel oT aTo-
MOB, IpUHALIEKAUX KaioMy Takomy ciowo (layered
SDOS (LSDOS)), cm. puc.2. Ba puc.2a nokasana
LSDOS nnsa moBepXHOCTHOTO CJOA aTOMOB kele3a B
minactuse (001), Ha puc. 2b fuA HEeHTPaNbHOrO CIOA aTo-
MOB jKejie3a, a Ha PUC. 2¢ AJIA MOBEPXHOCTHOrO CJIOA aTo-
MOB KpeMHUA Ha MPOTUBOMOJI0KHONA MOBEPXHOCTH.

N3 pucyHka BUAHO, YTO OCHOBHOI BKJan B CyMMap-
Hyio DOS Ha ypoBHe ®epMu BHOCUT MOBEPXHOCTHBIM
cioit Kkene3a. bpu aToM HabmiomaeTcA cyllecTBeHHAasA
MarHUTHaf TMoNfApu3anuA gaHHoro ciof. [laa Gonee me-
TalbHOTO aHajli3a MAarHUTHBIX CBOHCTB BceX IMIACTHH
ObLIM BBIUKMCIEHBI MX CyMMapHble HaMarHU4eHHOCTH, CO-
crasuBmue 0.10, 0.04 u 0.02 pp/aTom pmuA nIacTuH
(001), (100) u (010) coorBercTBeHHO. [uA ompexnene-
HUA BKJIaZa B CyMMapHYIO HaMar HU4eHHOCTh, BHOCUMO-
ro OTIOENbHBIMHU CIOAMHM aTOMOB, CIOCOOOM, aHalIOTHY-
HBIM BBIIIEONMCAHHOM Mpolleype MPOeKTHPOBaHu, GbI-
¥ BBIYKCIEHBI CyMMapHble MarHUTHbIE MOMEHTBI aTo-
Pucbma B HAPT® T1oMm 95

Bpim. 1-2 2012

MOB ejle3da U KpeMHHA, JNealluX Ha IIOBEPXHOCTAX
BCeX TpeX IIJIaCTUH.

CpelHHe MarHUTHbIe MOMEHTBI [taver aTOMOB Fe, Si B
cioAX ¢ HomepoM N uaM depeayromuxca atomos (49) B
HaHOMJIeHKaX ¢ moBepxHocTaAmu (001), (100) n (010)

IToB. N Haver Ar. ITos. N HaV Ar.
1 1.893 Fe (100) 1 0.202 q
2 —0.055 Si 2 —0.031 q
3 —0.052 Fe 3 —0.007 q
4 —0.003 Si 4 0.001 q
5 —0.026 Fe 5 —0.001 q
(001) 6 0.001 Si 6 —0.010 q
7 0.000 Fe 7 —0.000 q
8 0.000 Si 8 0.138 q
9 0.003 Fe (010) 1 0.073 q
10 0.000 Si 2 —0.026 q
11 | —0.021 Fe 3 —0.005 9
12 | —0.002 Si 4 0.000 q
13 0.061 Fe 5 0.003 9
14 | —0.015 Si 6 —0.000 9
15 0.677 Fe 7 —0.030 q
16 0.012 Si 8 0.112 q

W3 nony4eHHBIX HaHHBIX BULHO, YTO MarHUTHBIN MO-
MEHT II/IeHOK 00pa3yeTcH 3a CYeT [IOBEPXHOCTHBIX CIIOEB,
0coGeHHO ciloeB U3 aTOMOB seie3a B mieHke (001). Bpu
5TOM MOMEHTBI aTOMOB GBICTPO YMeHbIIAIOTCH PH Ie-
pexofe K LEHTPY MIacTHH.

Kpowme toro, B pabore 6bli1 nccieoBaHbl 3I€KTPOH-
Hafg CTPYKTypa W reoMeTpus HHTepdeiicHOR ofmacTu
nosepxHocTb (001) kpemuus/nosepxsocts (001) cunn-
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(a)

- (b)

PDOS (arb. units)

—4 2 0 2
E (eV)

Puc. 2. CnpoexTupoBaHHbIe CIMHOBbIE INIOTHOCTH COCTOA-
Huit LSDOS pua maactune! (001). (a) — LSDOS nosepx-
HoctHoro cioa Fe. (b) — LSDOS uenrpansHoro ciosa Fe.
(c) — LSDOS moBepxHocTHOro cios Si Ha IPOTHBOIONO -
HoI1 moBepxHocTU. YpoBeHb Pepmu paBeH 0

nuga (-FeSiy. Ina HaXomgeHWA paBHOBECHOU TeoMeT-
PUYECKOIl CTPYKTypbl MHTep(eiica MCIONb30BAICA Me-
TOJ NEepPBONPUHUUIHON MouaeRyuaapHoi nuHamuku (M)
c mpolieaypoit aeMndupoBaHusd, T.e. MPU BBIYUCICHUU
OUHAMWKU U CHWJ, JeWCTBYIOIUX Ha aTOMbI, BBOAUINUCH

(GUKTUBHBIE CHUIbI TPEHHUA, MOCTENEHHO 3aMemlAIoIre
aTOMBI, ¥ TeM CaMbIM CHUKAIOIN[e KUHETUUECKYIO dHep-
ruio (Temmeparypy) cuctemsl. B pesynbrare Temmepa-
Typa CUCTeMbI OCTENEeHHO YMeHbIIaltach OT BbIOpaHHO
Benmuuunibl 2000 K mo ~ 0 K. BTo BhIHY# a0 aTOMBI 3a-
cTpeBaTh BOIM3W MUHUMYMa 006Ileil SHEPTUU CUCTEMEBI.
HManubIit MeTO, anpoOMpOBaHHbIN HaMU paHee MpPHU OMU-
CaHWM CTPYKTYPbI aMOp(PHOr0 KPpeMHU A, O3B0 ONpe-
IenuTh PaBHOBECHYIO reoMeTpuio obiacTu uHTepdeiica,
rie MopAJOK PacIoJoOKeHUA aTOMOB ObLI 3apaHee He U3-
BecTeH. OKoHuaTenbHafA reoMeTpuUA MHTepdeiica MoKa-
3aHa Ha puc. 3.

T N N
INF X S X Y

I NN ENTD

Puc. 3. OnTuMusupoBanHasn reoMeTpua uHTepdeiica KpeM-
HMii/cuaunun. AToMbl KpeMHHUA 0603Ha4yeHbI Golee TeM-
HBIM I[BETOM

Bamu 6b11u mpoBeeHbI SKCHEPUMEHTHI 0 CUHTE3Y
HaHouacTul [(3-FeSi,, BHeAPEeHHBIX B MaTpUIly KpUCTal-
anyeckoro kpemuua. Banorpucramautel 3-FeSiy dop-
mupoBanuce B UABY [IBO BAB no ommHakoBoit cxe-
Me. Ba mepBoM 3Tame Ha aToMapHO-YUCTO} MOBEpPXHOC-
tu Si(100) dopmMupoBanuCch OCTPOBKY NUCHIULUAA Ke-
ne3a. OctpoBku (-FeSi, dopmupoBanucek ¢ nomorbio
MeToJa PeakTUBHOI 3NUTAKCUK IyTEM OCaKIEHHUA CIOA
mene3a (0.2 HM) Ha NOANOMKKY KPEMHUA IPU TeMIIEpaTy-
pe 475°C co ckopoctbio 0.8 HM/MuH. 3aTeM OCTPOBKU
3aKPBIBAINCH SIUTAKCUAIBHBIM CII0EM KPeMHUA pa3iny-
Hoil TonmuHbl (~ 100 HM), KOTODBIHA BhIpAIIMBAICH DU
TeMnepaTtype noanoxku 700 °C 1 cropocTU ocasiJeHud
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kpemuusa 3-20uM/MuH. B mponecce pocra mokpbiBaro-
ero clof KPpeMHHUA OCTPOBKU cuiunuja cobupanuch B
HaHOKpHUCTAIIbl pa3nnyHoii dopmel. [Jlna dopmuposa-
HUA MHOI'OCJIOMHON CTPYKTYPSI aru 1 u 2 NoBTOPANUCH
HyHOe uucio pa3. BaccmaTpuBaeMmblii o6pasel] 4oMOIN-
HUTeJNbHO oTuraica npu temnepatype 850°C B Teue-
Hue 84 A or;kura obpasyromuxca gedextoB. Bo pas-
HBIM IIpOCBeUUBalOllel 3NeKTPOHHON MUKDPOCKONUU BbI-
cororo paspemienus, npoBenenHoit B U®Bb CO BAB, ne
yZAaloch ONpPeNeluTh TOYHOI'O CONPAMKEHUA U DIUTAKCU-
albHBIX COOTHOILIEHU, MOCKOIbKY Ha (Pypbe-oOpase ObI-
710 Majlo JONONHUTeNbHbIX pediercoB. Tem He MmeHee
OBLI0 yCTaHOBIEHO, 4TO uHTepdeiicHbLi cioit F-FeSis/Si
JOCTaTOYHO COBeplLIeHeH U MMeeT Malylo TOJIIIUHY, CM.
puc. 4.

Puc. 4. TEM-doTorpadusa nHanouactuns! 3-FeSis, BHegpeH-
HOI B KPeMHHEBYIO MaTPHUIY

Takum o6pa3om, c¢ momomnibio npoBegeHHbIx DFT-
pacueToB GbITO0 MOKa3zaHo, YTO HaHomiracTuHbl (-FeSi,
¢ moBepxHoctamu (001), (100) u (010) obramaioT mo-
BEPXHOCTHOI IPOBOAMMOCTBHIO, B OCHOBHOM Oiaromaps
MOBEPXHOCTHBIM aToMaM jkene3a. Bpu aToMm oGHapye-
HO, YTO IIOBEPXHOCTHBIE CIIOM 00/1aJal0T CyLIeCTBEHHBIM
MarHiTHBIM MOMEHTOM, GBICTPO CHajaiomUM K IeHT-
py mnactuH. Taxske Gblna o6HapyskeHa cyIllecTBeHHaf
pexoHcTpyKuua mosepxHoctu (001), 3aranunBaromencs
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aToMaM{ KPEeMHUS, COINPOBOKRAAIOMIAACH IMOBBIIIEHUEM
CUMMETPUM MOBEPXHOCTH U BO3HUKHOBEHHMEM “KBajpa-
TOB” M3 aTOMOB KpeMHUA. DBpu M3yuyeHHH 3IEKTPOH-
HOI CTPYKTYPHI U reoMeTpHuU UHTepdeiica IOBEPXHOCTh
(001) rpemuus/noBepxuoctb (001) cunuuupa (-FeSi,
ObIIO yCTaHOBIEHO, UTO UHTepdelicHasA obracTh, Tak #e
KaKk ¥ IIacTHHBI cUINOuAa oblajgaeT, MOBEPXHOCTHON
HPOBOJIUMOCTEIO, COBEPIIEHHA U MMeEEeT Malylo TONIIN-
Hy. BrIBogs! o reometpun nHTepdeiica ObIIN TOATBEDH-
IeHbl IPOBeJEeHHBIMU DKCIIEPUMEHTaMHU.

Ba6oTa 6b11a BbinoHEHa MpU QUHAHCOBON MOAAEPH-
Ke mHTerpaunonHoro mpoekta CO BAB # 22, rpanra
BODU # 11-02-92001, @B “Kagper” ('K # 2011-1.2.1-
207-018-002) u npoexta mnpesuguyma BAB # 27.10.
ABTOpBI BhIpaaioT GONBLIIYIO MPU3HATEILHOCTH Mes-
BEIOMCTBEHHOMY CyIlepKOMIbloTepHOMY IieHTPY BADB
r. MocKBBI 3a BO3MOMHOCTb JocTyna K kinactepy MBC-
100K, a Takme MHCTUTYTY BBIYMCIUTENIBHOI'O MOJENU-
pPOBaHUA 3a IPeJoCTaBlIeHNe BhIUYMCINTENbHBIX BO3MOM-
HOCTell MX CyNepKOMIBIOTEPOB, Ha KOTOPBIX U ObLIU
HIpOBeJIEHbI BCe BHIUMCIEHUA.
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